Abstract: Mud volcanoes occur in many petroliferous basins and are associated with 8 significant drilling hazards. To illustrate the type of information that can be extracted 9 from limited petrophysical datasets in such geomechanically complex settings, we use 10 P-wave velocity data to calculate mechanical properties and stresses on a 2D vertical 11 section across a mud volcano in the Azeri-Chirag-Guneshly field, South Caspian Basin. 12
In this study, we have only a very restricted dataset (primarily P-wave). The 168 unavailability of more comprehensive datasets imposes limits on the extent to which we 169 can validate our model results. However the results can be viewed as representative for 170 the context and methodology can be readily applied and tested for more sophisticated 171 dataset in the Caspian and beyond. 172 and so our comments in this respect are based on whether or not the model results 173 seem realistic given the geomechanical context of the ACG. 174
The empirical correlations used to infer physical properties and stress states are listed 175 in Table 1 . Gradients of overburden, pore fluid pressure and fracture pressure have 176 been evaluated as the change of magnitude of the given quantity over given change in 177 depth. 178 throughout the study. The matrix density (ρmatrix = 2600 kg/m 3 ) in Table 1 In an attempt to put bounds on the real variation in horizontal stress, the approach of 191 using stress polygons that was introduced by Zoback et al. (1986) and Moos et al. 192 (1990) has been implemented. Stress polygons show permissible ranges of horizontal 193 stresses at a given depth for given pore fluid pressure for each of the three Andersonian 194 fault regimes (Fig. 4) . Upper and lower bounds of maximum and minimum horizontal 195 stresses on the stress polygons are constrained by the following relationships derived 196 from the Coulomb failure criterion assuming that one of the principal stresses is vertical 197 (Zoback 2007) : 198
Reverse fault
where σv is the vertical principal stress, σH is the maximum horizontal principal stress, 199 σh is the minimum horizontal principal stress, Pp is the pore fluid pressure and μ is the In regions of excess pore pressure (overpressure) differences between the magnitudes 204 of the principal stresses are small and therefore small stress perturbations can lead to a 205 change from one fault regime to another (Zoback 2007) . 206
Feasibility calculations

207
In order to establish that the equations listed in Table 1 velocities and depth in marine sediments. This relationship was used to obtain the P-218 and S-wave values for the crest and flank locations (Fig. 6) . 219
The SCB is characterized by abnormally high formation pressures and consequently 220 there have been several studies that have attempted to characterize shale compaction 221 within the basin. The porosity-depth curve compiled by Bredehoeft et al. (1988) (Fig. 7 ) 222 was used to obtain porosity values for the calculations. 223
Hence the input parameters for the calculations are as listed in Table 2 . 224
Using these input parameters and the equations listed in Table 1, the material  225 properties and stresses listed in Table 3 for the crest and flank of the mud volcano were 226 obtained. These are compared in Table 3 with typical ranges of these values for the 227 material properties of clay minerals and poorly consolidated sandstones and 228 mudstones, and with the stress states previously reported in the South Caspian Basin. 229
Our calculated values are consistent with those reported in the literature, and so we 230 have confidence that the empirical correlations detailed in Table 1 The resulting P-wave velocity section is shown in Fig. 8 . Values of density, porosity and 248 mechanical properties (elastic properties and strength), together with the magnitudes 249 of the principal stresses, pore fluid and fracture pressures were calculated from the P-250 wave velocities using the equations listed in Table 1 within the PETREL® software  251 package and are presented here as sections showing the 2D variation of these values. In 252 addition, a vertical pseudo-well (RM-1) located on the structural crest was incorporated 253 into the 2D model to assess the modelled parameters in 1D along the well trajectory. 254
The calculations were performed for an average water depth of 120m, which is the 255 average water depth in the Azeri field given by the bathymetry data of Hill et al. (2015) . 256
Results
257
Since the physical properties were calculated solely from P-wave velocity information, 258 the spatial variation of these properties matches that of the P-wave velocity data ( Theoretical and inferred porosity ( t and , respectively) values were computed along 275 the crestal pseudo-well RM-1 using Table 1, Eqs. 3 and 4 (Fig. 11) . The theoretical 276 porosity curve assumes a normal compaction trend. The 'pressure transition zone' 277 defined as the depth interval between when the inferred porosity curve starts to deviate 278 from the theoretical porosity profile and when the rate of decrease of inferred porosity 279 with depth significantly decreases (Swarbrick & Osborne 1996) , lies between 620 280 metres below sea floor (mbsf) and 2600 mbsf at the crestal pseudo-well RM-1. 281
Values of pore fluid pressure and fracture pressure have been calculated along the 282 pseudo-well RM-1 (Fig. 12) The friction angle increases with depth but with anomalously small values in the 289 volcano vent area (Fig. 14) , perhaps reflecting the relatively unconsolidated state of the 290 sediments in this area. At depths greater than ~2500 m, the friction angle values are in (Fig. 16a) . In each case, the long axis of the caldera is oriented NW-SE, parallel to the 314 orientation of Absheron-Balkhan uplift zone, while the short axis is oriented NE-SW. 315
This implies that σh is oriented NW-SE and σH is oriented NE-SW. This is consistent with 316 focal mechanism studies performed over the basin (Ritz et Table 4 , and the resulting stress polygons are shown in Fig. 17 . We find that the stress 330 polygons shrink with increasing depth, as overpressure increases. This finding is 331 consistent with the notion that the principal stresses tend to become closer to the 332 vertical stress in magnitude with increasing depth in overpressured areas, and hence 333 that relatively small changes in the stress field can lead to a shift from one Andersonian 334 fault regime to another (Zoback 2007) . 335 Table 1 , Eq. 14) to determine fracture pressure and 351 its gradient. This method provides a value similar to the lower bound on the fracture(>500 mbsf) are probably artefacts arising from the resolution of the P-wave velocity 355 and how this impacts on the calculated porosity used to estimate pore fluid pressure 356 (Table 1 , Eq. 13). However, the changes in the slope of the depth variation of pore fluid 357 and fracture gradient that occurs at 620 and 2600 mbsf correlate with the top and base 358 of pressure transition zone identified in Fig. 11 . 359 We have attempted to define the safe drilling window (where drilling window is defined 360 as the difference between the fracture gradient and the pore fluid pressure gradient) 361 using our results (Fig. 19) . We observe that above a depth of ~300 mbsf, on one 
Implications on drillability
Limitations of this study
374
Key sources of data for full geomechanical modelling include seismic and borehole data, 375 while geological and drilling data are used for calibration purposes. Geological and 376 seismic data provide regional scale information for the entire section (overburden, 377 underburden and zone of interest), whereas drilling and borehole data aid in focusing 378 on a zone of interest with greater accuracy and higher resolution. 379
The analysis in this study is built almost entirely on P-wave velocity and therefore is 380 sensitive to how tightly constrained the empirical correlations between P-wave velocity 381 and the various mechanical properties and stresses are. A key limitation imposed by 382 the nature of the data is the lack of opportunity to incorporate mechanical anisotropy.banding, one can expect that the mechanical properties of a fractured, well-bedded, clay 386 mineral rich sequence will be anisotropic. Hence considerable confidence could be 387 added to the findings presented here if data that allowed mechanical anisotropy to be 388 quantified (e.g., AVO, VSP, multi-, wide-, rich and full-azimuth seismic) were available. 
